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Abstract 

This article presents an approach to providing 
i -UA-rau- downstream internet access by 
nomadic users within the current CDMA physical 
[aver architecture. Means for considerably increas- 
ing throughput by optimi 
cols and by other netw. rk \ oding - u q« 
are presented and supported by simulations and 
laboratory measurements. The network architec- 
ture, based on Internet protocols adapted to she 
mobile environment, is described, followed by a 
brief discussion of economic considerations in 
comparison to cable and DSL services. 

Introduction 

The rapsd growth and nearly universal coverage 
dustr J i > snd g < r Jy d i 
wireless teiepbonv gives rise to an increasing 
demand for data services as well. While current 
>ft to those 

provided bv wireline modems a decade or more 
ago, the gap is closing. Standards are already 

< t 1 > ^ 

me data rases above 64 kb/s within -h;s calendar 
vear (ant! century). Just beyond this horizon, 
however, service provider are siteadv plarmme 
for wireless data rates above 2 Mb/s, approach- 
2 ;ho c wir ne, digit no ribe i > 



subscriber terminal architectures. fn she final 
section we ? >« =cs of such 

a system deployment. 

Characteristics of 
Nomadic User Data Demand 

In business and the professions, the individual ss 
often absent from hei or his norma! wo 
To eontssme to be productive on the road, both in 
transit and at business or ptofessroasl meetings, 

jnne ivuy to d • ne pnnctpa workplace 
and more broadly to other databases accessible 

, f v ,i a Web is itiai. O neraih members 
of this nomadic user class demand the same data 
service normally available so their home base. 



(DSL 



.... v , v ,„a<ie technically and economically 
mpeUfo a - ' * >< "d . b. s rot the 
3jn issue although we shall address this 
isOv m the last section. What will drive such 
si ie i nd p low aten< 

ailabilitv ot internet access to nomadic users. 

e c < >n ss„~ e 'be chara< < nr 
:s and perceived needs of this user class. We 
en proceed to explore the characteristics of 
et s r spec Jnd i 'en a t 
Si en we p sent tec t icai system solution 
doted to these requirement and thecharae- 
risrics of a specific implementation as an evo- 
.tion of existing CDMA base station and 



cued e 



of t! 



ail reirse* 

lotci r. 



n such Soc 
■ nd meesi.r 



vices a 

airline tickets, i 
quotes, and report retrieval, 
airport lounges, hotel rooms 
in each ease without recourse rs> etc nmnw «i 
es available in such 
places. In fact, one need not necessarily look 
beyond corporate boundaries; professional 
employees often spend neatly as match time in 
comoanv confer ence rooms as sn their own 
offices nd rarely aTe such 
the number of ports needed lo connect the major- 
ity of participants' laptops ! 



r;t a he 



•ink) 



requi 



,s po 



station; than that generated by the access termi- 
nal (user terminal) in the reverse (uplink) direc- 
tion. Furthermore, just as does the fixed user, 
the nomadic user expects a response to her or 



.a) is 



e-dx ■ 



a evotu 



time and eost for pteyiding such i 
existing cellular infrastructure and 
■ hat differ only at digital baseband 
cellular and personal commumea 
(PCS) handsets. 
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The Technical Challenge 

Utile Information has been gathered on she exi- 
gencies of nomadic users and the networks to 
serve them, simply because, with ihs exception of 
a very small percentage of low-speed data ser- 
vice, such networks have not existed. On the 
other hand i r . e irks tn p ace 

for nearly a decade and with large numbers of 
mobile users served for several years, a great deal 
known abt r cs of < igitai ~- irs 

less network j > - icbiie users. A major 
step in the , u ech « k 

gy was the c 1 ardization of 

codt drv ior e s MA} wireless 

o ste ms <irv 3 rt^ I najor ) 

North American, Korean, and Japanese carriers 
md n mufac users. Having £ >' er onty 

to othe ace 3 eing srs itat 

ed (sometimes in a modified form) by most of 
vie earners mdn ere the ini 

tiai holdouts and skeptics of its viability. 

CDMA was desig nt reverse 

(uplink) and 1 rwar iownhnk perat.ions.lt 
was initially widely believed that the reverse 
direction in which multiple users access each 
resenong mui pis sources 
of interference wssh one another, would he the 
w-sca This 

assumption turned out to be incorrect; the for- 
ward (downlink) was the initial bottleneck for 
three principal reasons-. 
♦ Interference on the reverse link enjoys the 
advantage, of the Saw of large numbers, where- 
by tht cunmlat * i ren r^ j multiple 
low-power transmitters tends to be statistical- 
\ ' < i - c, on tb aer hand 

suffers interference, from a small number of 
other high-power base ti rt This becomes 
iurK-^t - . no,)-, at the vertices of the 
(Imaginary) cellular hexagon where the trans- 
mitting base station and two other interfering 
base stations are cciutdisiam from the intend- 
ed user. Th;s Situation is relieved by soit 



transmit to the user , ~m . a < 
But s< * v g e - m 

cntederen which if _ t scs 
still overall diminishes the forward link 2 
capacus because an additional CDMA car- 
rier must be assigned in ;ne newly added 
base station £ ag on th region >t 

for criterion Ion soft handoff. this can 
cause greater or lesser reduction. 
» While on the reverse link, last and accurate 
power control of multiple users is evloentiy 
critical wio y reabza 

iion. it was initially felt in producing the 
first CDMA standard. cdmaOne (IS-95-A 
f ij). that forward link power control eeuid 
fx mi 1 s ic Th'Stu-ne luce 
forward link capacity. 

The second and third limiting causes have 
bees; eliminated ot considerably diminished m 
he evoi ten Dne (IS-95-8 

and CDMA2G00V Fast power control is now 
imp) oi ii no he re 

of {criterion for) soft handoff has been dimm- 
hed The J s canst ; sometimes called the lav, 
of small numbers"), remains, however, these 



improvement- 3rd (< ow n 

I -A i Li-av ts •> j;c l > w v th< ever e s ups 
caoacitv. But for high-sp-eed data, such as dewn- 
.. n the hit et. thss is not enough 

Jo 

times greate ha e u link Fhe r^st >i tht 
article dea,s * 

ther increase . fi) Ey by a factor 

i th ee i four " s only 5 

The technical Approach to 
High-Speed Data 

Most data application! cliff r fundamentally 
from speech requirements in two respects 
already noted, traffic s i t no tolerance 
to latency. Two-way conversational speech 
requires strict adherence to symmetry; also, 
latencies above 100 ms (which corresponds to 
about I k - I - "i s - 

intolerable. For high-speed data downlinked at I 
Mb/s, for example, 100 ms represents 100 kb or 
12.5 kbytes; furthermore, latencies of 10 s are 
hardly noticeable, and this corresponds to a 
record of I 25 Mbytes. Thus, smoothing over a 
variety of conditions, which is always advanta- 
geous tor capaclf mpli ed 

A*} communication systems, wired as well as 
wireless, are greatly improved by a combination 
of sechnsques'based on three principles: 
» Channel measurement 

• Channel control 

* Interference suppre- ion and mitigation 

Our approach employs ail three. First, on she 
basts of the received common pilot from each 
access point (or base station), each access termi- 
nal (subscriber terminal) can measure the 
received siRnai-to-noise-plus-interference moo 
SN ft " * n -u v „ C 
each user is proportional to its received SNR. 
This may change continuously, especially tor 
mobile users. Thus, over each user's reverse 
(upiiuki channel, the SNR or equsvaSentiy the 
supportable data rare value is transmitted to the 
base station. In fact, since typically »:wo or more 
base stano- v . 

user indicates the highest among its received 
\R j 1 K d ' ^ a s * > I 0 

which it ts receoung it. and thus may need to be 
repeated frequently (possibly every slot 4 ! In 
this way the downlink channel is controlled as 
well as measure Furthermore, by selecting 
only the best base station, in terms of SNR, to 
ce to isers >! 

-ansmct ' 
which involve greater delay, specifically turbo 
.odes can se emf d whici jperate well 
at lower EJNo, and hesice lower SNR and high- 
er interference levels. 

of disparate SNR levels, can be used to increase 
throughput. Suppose we can separate users into 
rV classes according to their SNR levels, and cos* 
responding instantaneous tare levels support- 
able. Thus, user class n can receive slots at rate 
,R, b/s. where n ~ 1.2. Ah and suppose the rela- 
tive frequency of user packets ot class n is P„. 



v is as v. - es 
are greatly 
improved by a 
combination of 
fecfSofqt/85 based 
on three princi- 
ples: channel 
measurement, 
channel control 
and interference 
suppression and 
mitigation 
Our approach 
employs ail three. 
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Data rate (kb/s) Packet length (bytes) «EC rate (b/sym) Modulation 
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elass. Then the. average rale, 
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b/S. (i) 



'. The result would be 



For the genera; case of N classes and latency 
ratio Lmix/i^m, it can be shown that the maw- 



This, oi 
(and SNR; 
er latency 
alfogeshe; 
;"and bene 
be BtR„, 3 
proportion 
' Ssjppos 

irrespectn 
each user 
number oi 
Let F r! be 
n, where 
case, the 



course, means that lower-data-rate 
sisets will have proportionately high- 

« to • u in . n tie 
for each class, the number of slots 

if class n v. 

, ,j ;r K i "enc-v /„ is inversely 

e, on the other hand, that we require 
:i have essentially the same latency 5 
- „ h 

slots mvcrseb proportional to ;ts one 
me number oi slot:-, a! located to class 
/■" a £ ■/?„, k bong a constant. In this 
averaae rate ot throughput is 



^=^r — 



its those 
classes s 
number 



5 highest la ency s n< « re h 
tiroes th< west itenc> i hen > 



(3) 



s such ! 



(?) 

iss, however, the latency of ali user 
tors; 

>f bus K io be large and thus ignoring 

ssess the cost in throug b < 

- der tlo- ev-mpc 1 oi only two 
•lasses, each equally probable (P, - Pi :=r 
oi eeoaMe ot supoottmi; very disparate rates 
16 kbis. P'* ^ 64R, - 1.024 kb/s. Then m 
ts ca - \ kb s. bu L 2 - 64 In 

xondcase.L, - i. : . hut /?V - 31.51 kb/s. 
> si ;e that there is a more ration:!! allocation 
i is less "xi! r" t er.cy r tio ot 64 

itH! achieves a better throughput that! 

s that 



where J?, < R 2 ... #n as 
for ah f« < fi ot while R„ > C for aO « > re 0 . 

" „- s with " " x . i.g strategy, 
each - c latency s sill 
which bo < C) or L mm (for those for which R„ > 
Ti To determine th 

necessv. o ha^e a h< to. r ns <he act 
rates for users of the wireless net 
This will be discussed in she next section. Also, as 
we shah bud there, practical numerology consider- 
ations may require as to deviate from this strict 
btmodal latency allocation, although the ratio 
L^L min wssi remain as the principal oofistraiW. 

implementation' of 
High-Data-Rate Code-Division 
fVluiisPLE Access 

In the last section we discussed the key factors 
and parameters of a wireless system des 
optimize the transport of packet data, in the fol- 
lowing we will describe such a system design, 
i t a t- - < f the ot liter 

face, to continue in. the next section wstrt a 
>iescn!>tion oi J he. network architecture Ihe 
x > the i ' 

; - > i r > i ' i ^ 

trVV 1 -'- i.kv i *n 

mises tn optimizsne the air interface tor data ser- 
vices. Furthermore, a compelling economic 
argument can be made for a des : gn thai can 
wsr- iarae oort;ons (to be exact, all bus the 
r, „ -i i ' .0. 



base bans: 
nentr. am 
products 
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Due 



asvm roetri 



rthosr 



ottered, eve will tocos most ot our atten- 
the downlink. In the 1S-9S downlink, a 
fe of Sow- data-rate channels are mailt- 
togethe 



I so the 



ode c 



sha 



> J i hose station rra nsrrof ted power wob 
some form of oowet control. Thss is an optima! 
choice for manv low-rate channels sharing a 
JS rt m oi b idss dth he so < ' r- ^i s- 
optimal when a low number ot high-rate users 
Miare o— \ ^^.icise 

further when the same bar 



srnpie. 



re nun 



s do 



rata e 



tr,s M3gazme * iuhr2006 



carry vo-.ce and i separate - ' ' e (HE - ! 

% th > dedica I mier the HDP dovvti 
hnk takes on a different form than that of the 
IS 95 designs. As shown in Fig. I, the downlink 
packet transmssstoas arc time multiplexed and 
transmitted at the fuU power available to the 
AP, but with data rates and slot lengths thaivaty 
a < -re ig i the m> F f 

tfcetmore. when user;.' queues are empty, the 
only transmissions from the AP are those of 
short phot bursts and periodic transmissions of 
control information, effectively eliminating nv.eo 

Ke access ierrnnais 
w;ih means to accurately and rapidly estimate 
the channel conditions. Among other parame- 
ters, the access terminal estimates the received 
£, V of s ! > T ponents 

and forms a prediction of the effective received 6 
SNR. The value of the SNR is then mapped to a 
value representing the maximum data rate such 
a SNR can support for a given level of error per- 
formam e. Th in« e sat on, in the 

form of a data rate request, is then fed back to 
the AP via the reverse hnk data rate request 
i s fast is very {.67 
ms, as shown in Fig. 2. The reverse link data 
<%,a st , •> a', c - o - t „ U 
SNR into one of the data rate modes, of Tabic I. 
In adddson. the access tetmrnai • ^ t £ ^ 
mission from only one sector {that with the high- 
est received SN 1 g th< 

unlive set. Here rhe definition of active set is 
identical to that tor IS-95 systems, but unlike fS- 
95, only one sector transmits to any specific 
access terminal at any gives time. 

The mam ceding .met modulation parameters 
ate summarized in Tabic I. 

The forward error < wrecung (FE< chemc 

5 i Us - s - 1 t ! r % 

decoding, with puncturing tor some, of the higher 
code iaies jaj 




m Figure 1 . An access point transmission diagram. 



Following the encoder, these traditional sig- 
nal processing steps are applied; symbol repeti- 
tion is performed on the lower-data-rate modes; 

i£, channe <> ' 1 P 

onate modulation is applied to obtain a constant 
modulation rate of 1 2288 MHz for all modes. 
The rn-phase and quadrature channels are then 
each demultiplexed into U streams, each at 76.8 
Ufc, and 16- a 

each stream. The res >. - 
adding the 16. data streams, is then spread by 
quadrature pseudonotse (FN) sequences, ban - 
dlimited and upeonverted. The resulting RF sig- 
nal has the same characteristics as ao 5S-95 
?r »l. thus allowma the t eu.se o P' 

f s s d d -r S ' 

eluding e power am ' s id i 
designs tor subscriber terminals. 

Tabic 2 summarizes the SNR requited to 
achieve a i percent packet error rate (PER). 
N'ote t ai the iow< rate t rrespo.n; 
0 £ h !N< : s ^o a si i sine it ' 
€ ding techtiiqu er > naie 

( hi! i - s - i - 

if lc >d i va s s 

mo (PSK) modui3tton and 1 6-quadraiure ampli- 
tude modulation (QAM) are employed. These 
were obtained both bv bit-exact simulation and 
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corroborated bv laboratory measurements with a 
cotnoiete RF link. 

j. the OiaX: 

mu m achievable throughput per sector as d«.- 
cussed r e >abhows,a 

graph of the cumulative distribution Miction. of" 
theSNRL.; - - 

r > s i 
reu^e of one. In pat ucul < 
tr-ose of the best serving sector and jcpteienuav.- 
< : A j - rrr c istributio t oi ise t 
age area. From the results of Fig. 3a and the 
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knowiedae of the SNR required to support a given 
data rate (Table i\ it is straightforward to derive 
the hisioetain of data rales achievable in such an 
embedded sector. The uvi Is shown u) Vug - ; o 
wherV'thc SNRs used sr. the calculation ate these 
> 7 . . v if an, ncttioi. : dB of rn-rgui to 
account for various losses.. Finally, Fig- 3e^hows 
hrot pe 5 ^ H 

of bandwidth versus the parameter L miX iLmm- 
Note thai the throughput is doubled for a latency 

Metwork Architecture 

Since the radio link has been designed to pro- 
v de € ft en es 

uu t< u rs to the most x { 
data network — the Interact — when selecting 
• he network architec !> i - aiopt tig Inlet ne >ro- 
tocois . i the coma t en the a< ess 

r , i a v v t s n 

access the widest variety of ia formation and ser- 
vices mtli 5 1 E " i<s the . 
World Wjde Veb. Furthermore be selection est 
Sati net protocols Irs the design of the access 

UL P li<M - tO 

lake „e oi the ever v t ^ * costs and 

increasing performance of internet equipment. 

First, we examine the communication Imk 
between the ccess tern no and the access net 
work, figure 4n shows the protocol stack used m 
such a link. , , 

In order to carry traffic between the user and 
the net* 'k *c seed t< select aetwc 

j < - ' 

because t is the network-iaver protocol ot . 
Interne? i I e e 

e vnneuvofaan r 
^, „<, - , n <dc ■ \^1> ^ te- 

h - ' , c L > vne 

, , ir ~. ^e iff « t ocal 
, t . v , sN '(.iiei -iio o.u 
Protocol iPPP^ !4] otter: carries internet vsasnc 
i-vsr dlalup connections, cnose tut- for Use. 

id lieh upponed 
Mt u ^ i op , i wS . -e u .« po ct i «or 
of network- layer protocols, supports methods -or 
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differing quality of service (QoS) tsquireraents. 
and also supports methods for authentication. 
Lastly. PFP has low overhead sn important fea- 
ture for a wireless transport. 

It is weii known that the Internet carries dit- 
i ' 



Protocol (TCP) [5 



traffic. 



s and 1. 



o del a 



traffic, such a R s T .' £ sp itt Protocol 
(RTP) [6] traffic, tends to be more sensitive to 
delay and Jess sensitive to errors. In order so sup- 

insert traffic with different OeS requirements into 

ties by sen c ng « 
based on the different QoS requirements, the 
,ode ft 

different types of traffic. For PP? sessions, mulio 
pie queues ever a siag 
ed using the PP? Mu r - - < i 

figt > < 1 

> p to sap- 
port differing QoS requirements. For instance, m 
the example shown in Fig. 4a the system has 
Rcstotiated three PP? Sinks. . 

Since radio Sink bandwidth is a limited 
resource, see sjouid c is tr pre xoi overhead 
>« carried 

over the radio Sink. PPP has been designed to 
minimize its own protocol overhead. In addi- 
tion it supports the compression of network- 
iaver protocol headers such as TCP and 
p UI P RT? header come ' sroo Porthe 
reducing the overhead of carrying user uatfic 
over radio links. 

It is tvpkal to operate HDR with a received 
sienaPto-noi.se ratio that results in a physicaP 
f approxsr ely 1 rercent. This 
„„,,, „ >, the error 



eeiwovlt nroroeols and roost network mo - 

rates. iUe wireless oak error rate needs ur be 
reduced. The most straigotforwatd nsetnoo or 

e < s '' t cc f ' r 
ooeraWat a higher signal-to-noise ratio regime. 
However th« &< -!o-noise 

One error rates 
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throughput. A r 
decreasing the err 
obtained by impic 



protocol (RLs 
blocks of data 
ted. This alio 
operate at an 
experienced in 



ased radio link 
ectly received 
sen retransmit- 
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U Figure 4a. The air interface 


jrotocoi stack - an example. 



irks. 



PPP sink may be 
eamed'bv a seoaraie RLP so earn. In uus specific 
< -.p ^ <. has oeeottated three separate 
ill- r ire >o'4 Th.s 

M 

,k«i o* t eC^ r,, -wmnee -i^n.^c m P e 
QoS requirement, 
policies with dif'fe 



v be imple- 



mented o 



0000 



:oiv. 



RLPswithdif < i rror rates may be 

syed on osh PPP i» ing layer shov 

:r : Fig. 4a is responsible for multiplexing fne sep- 
arate'RLP streams into one physical layer. 

In addtt.v t to s er TP 
iirak must support the transport of stgnahng 
messages. The model for the transport of sig- 
naling streams is based on PPP. Signaling is 
partitioned into two > « I mk Con- 

trol Protoe 

eoi (SCP). Similar 'to the PPP LCP, the LCP ts 
used to negotiate radio link protocols and 
options at the start of the session and to con- 
trol the radio - ! . * es 3 exar 
pie. the LCP is used at the start of the session 
so negotiate the link iaver authentication type 
sv.t vv.it be used for She duration of ihe session. 
Similar to the PP? Network Control Protocol 
(NCPV the SCP is i ' > ~> j ? - * ,v 

„ r „ t- i - vOtvs jo- n octcoooo oP 
missing; RL? data. 

So the remainder of thss section we discuss in 

v tK n 

t r pro - ay be i emented. first * 
w«d describe the implementation on the user 
side-oflheair nierfa todowed bs bn 

description oi the network side. 

On _ oo < de o .he <• , 1 v s < 
two basic functional elements: the access termi- 
nal .nd the corns uter These eie 
reside in two devices, as in she case ot a wireless 
HDR n id 

' _, av he CCliTi b;eed mto a sirnrie device such as 
ss^s-t ,POA! Sr 
he Utter r< ^ 

entire protocol stack, while in the t comer the 
protocol stack implementation may be parti- 
tioned in two ways, 

in the I 1 hod. the acee 

n o a ier-- - ' (P 1 1 
This partitioning is sometimes reierred la :k me 
- 'm . i V/heo nsi-ig me> partiUomng. ine 

access term a nc ^ v s 
v nrt tec >^c Ft^e- ' i 
interface, or over the Universal jenat *>us 
{OSB}. Figure 4b shows the layering endpomt§ 

jVut - . i v e jcce 

rminal imolemenLS ti entire protoc s v - 
he< eption r f ' >• overs i ig above PFS- 



A first 
fundamental 
design choice is 
to separate the 
sen/ ices, that is, 
low-rate data 
(voice being the 
primary service in 
this category) 
from high-rate 
data services, 
by using possibly 

adjacent but 
non-overlapping 
spectrum 
allocations. 
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S figure 4b. Air mtafact protocol outpoints — the netmtk model 



• ts PPP and aU pro- 
>coi above PPP. Th it is sometimes 

referred So as the retey mode!- In the relay model, 
■ . . ss terminal and computer may be physical- 
ly connected via RS-232 or USB. Figure 4c shows 
layerota end t - v " 

The network side of the sir interface is mod- 
eled or the ti ■ oral In -< v. twork access 
server {NAS} [SI. There are. three basic function- 
al elements: 'the transceiver, the controller, and 
the NAS. The transceiver implements the physi- 
cal layer. The controller implements the framing 
layer, the RLP data layer, the signaling Jink 
al < e 1 h 1 1 K 

layer. The three functional blocks communicate 
oi IP usins > uerfaces The NAS imple- 
ments this PPP layer and all layers above PPP. 

g, band 4c how the layering endpoints 
tot the oarassonins, 

in o«r desists i ' tc ess network, the access 
„ , p - " toe transceiver, the controller. 
;s nd the N AS functional elements. The network 
t nr. emei s she r>r i 
eed -. rxnru to an IP n 



id a bookl- 
et, controller, and N AS communicate over IP 
using open interfaces, there is no strict require- 
ment for all th eh mens; to be So ale* m the 
access point. For example, in a more tra 
cellular implementation, one might choose to 
centralize the controller and the NAS. 

Onlv she transceiver and controller are spe- 
NAS and network 

t face are standard e 
Internet service providers (ISPs). By using an 
< ste a >■ i,^ ^ 1 i 
Two runneling P* ' 
NAS and -he mode ■ ■ 

ble to use this standard ISP equipment for many 
applications. 

' 'With the exception of other access points, she 
access mm >n^amcj tes 
the access network using widely deployed Inter- 
net protocols. In addition :he access point tran.s- 
i rt v sro 

^ - i i i l > tq. 

men! in an access network is readily avadabie 
Internet equipment. 



La — Network side— 

Transcefver Controller 



- Signaling framing layer- 



8i Figure 4e Urit rfact ' >tocoi endpoints - die « 
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Economics and 
Tariff Considerations 

: , , . , ier firta she critical issue of the vaiui ! 
{ e and hov ab ish tariffs For irui; 

fiomadic usen > ■> <- s o;e who pre- 

fer to work on their paoo, at the beach or on the 
lopes, and s is e valuable ind 

cannot be n h-speecs wireline ss 

vices provide > e modems. At the 

>ther extreme fos stnctb feed users \ hose oh : 
or homes ai on ' c :>y weltae/cable 
services the norni t > a 1 . jr the latter. 
Suppose, however, that a carrier must decide 
between a v- ire ' - < r e is ( loiudon or the 
wireless approach ,e c j> a 

expenditures and possible tariff considerations 
dominate If - oMes . s - rel s s that estab- 
lished wire 

users to expect a fiat monthly rate essenti 3 i\\ de 
pcreei t oi v i ' r ' e Tiv idealized 
economic i 1 >ased wreiess, 

practical cons le will be to charge for 

BSage oti a packet basis. 7 

Most Ukt I c st users will consti- 

ti'ie a popular i g degrees of itomadic- 

iv b it < ve - *'iJi grow to 

depend on the flexibility sad contintsity provided 
by the "sa\ w k > . " nature of wireless 
connectivity. If this indeed torus out to be the 
case, even private networks (LANs) may be sup- 
planted by wireless HDR usage. Economies of 
scale would seem to favor the HDR microcell 
located in or near a corporate campus over the 
, v k c 1 rcl 

he latter m cid li that of the former 
Were this to occur, fiber, wire, and cable pipes 
may be relegated to the backbone and to the 
i • tpercompoter node, with the last 
kilometer or .ess b c< 
for the majority of users. 
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